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Abstract: Seismotectonics in the Three Gorges reservoir area is investigated by using the P-wave tomography 
with earthquakes that occurred before the impoundment of the reservoir. The result indicates that most of these 
events occurred in or around the velocity-gradient belts between high-velocity and low-velocity anomalies. 
These belts have similar characteristics to buried-fault wnes. Stresses genemted by movement of partially mol-
ten upper-mantle materials and thermal stress may have jointly contributed to the seismic activities along the 
faults and such buried faults, and possibly activated new earthquake ruptures. 
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1 Introduction 
The Three Gorges area has been seismically active be-
fore the construction and impoundment of the large res-
ervoir there during 1958-May 19, 2003. Past earth-
quakes include a Ms3. 3 event at Zhouping on March 
13, 1972, a Ms5. 1 at Longhuiguan, Zigui on May 22, 
1979, and a Ml4. 0 at Zigui on December 13, 2001. 
Some scientists 11 - 2J suggested that the earthquakes 
were generated by movement along the NNW -trending 
Xianniishan , the NNE-striking Xinhua and Jiuwanxi 
faults, together with the NE-trending Gaoqiao and Ni-
ukou faults. Others1'l indicated that most of the moder-
ate and large earthquakes were related to the shallow 
tectonics of the crystalline basement, and occurred in 
the belts between positive anomaly and negative isostatic 
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anomaly, or within the anomaly-gradient belts. Still 
others1'l implied that the Longhuiguan, Zigui, earth-
quake probably happened on a NE-trending buried 
fault. A Digital Seismograph Network ( DSN) was put 
into operation in 2001 in this area; it recorded many 
small earthquakes from January 2001 to May 2003. 
The hypocenter distribution of these earthquakes ap-
pears to be very complex. Some events occurred on or 
near the surface faults , whereas others did not. 
In the present study, we tried to use the events ob-
served by the Three Gorges DSN1'l to obtain some 
three-dimensional velocity images of the upper and 
middle crust in this area by means of seismic tomo-
graphy, and then study the seismogenesis of earth-
quakes according to the structure of the crust. 
2 Tectonic setting and earthquake 
activity 
2.1 Tectonic setting 
The Three Gorges reservoir area (30. 3°N- 31. 7°N, 
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109. 5°E -111.5° E), shown in Figure 1, is located 
at the middle Yangtze paraplatform , and is generally 
divided into tectonic layers of the basement and tecton-
ic layers of the caprock[ 6J. The basement of this area 
is mainly composed of metamorphic volcano clastic 
rocks and intrusive magmatic rocks formed between the 
early and late Algonkian. The highly solidified Huan-
gling block , which consists of dense metamorphic rocks 
and intrusive granites and diorites, is the exposed part 
of the basement. The tectonic layers of the caprock , 
which are formed from Sinian to Middle Triassic , are 
comprised of carbonate and clastic rocks. 
The Zigui basin, which was generated from the Ju-
rassic and upper-middle Triassic system, consists 
mainly of continental-littoral facies clastic rocks. Sand-
stones are interbedded with mudstones and shales but 
the carbonate rocks are widely distributed in other are-
as. According to the research result determined by the 
deep seismic sounding profile[?] , the upper crust of 
this area mainly consists of the crystalline basement 
and the sedimentary cover. The depth of upper crust 
varies from 11 to 16. 8 km and the bottom boundary of 
the cover varies from 0 to 8. 2 km; the thickness of the 
109° 30 1E 110o00 1 E 110° 30 1E 
crystalline basement is between 7. 2 and 14 km. The 
average P-wave velocity in the crystalline basement is 
between 6. 0 and 6. 3 km/ s , and the thickest place of 
the basement is located within the Huangling anticline. 
The depth of middle crust varies from 24 to 28. 8 km. 
The middle crust has been inferred to be made up by 
dioritic rocks with an average velocity of 6. 25 km/ s. 
The NE-trending grand gravity gradient zone in East 
China goes through this area [2 '8 ] , in which Sandouping 
is located. The width of Yichang-Guizhou gravity gra-
dient zone is about 65 km. The contour lines are dense 
here with an average gradient of about 0. 9 X 10 - 5 ms - 2 
km- 1 • 
The primary tectonic character of the study area is 
the Huangling anticline , which is surrounded by the 
Xianniishan and different striking faults. Larger region-
al faults include W uduhe, Xinhua, Gaoqiao, Shuitian-
ba, Niukou, Xianniishan, Jiuwanxi, Tianyangping and 
Yuanan. The Xinhua, Shuitianba, Niukou, Gaoqiao 
and Badong faults meet in the Xingshan-Badong area. 
These are regional faults of different sizes , and their 
cutting depths are less than the depth of the crystalline 
basement. 
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Figure 1 Geotectonic sketch of the Three Gorges area and distribution of earlhquakes observed during January 2001 -May 2003 
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2. 2 Earthquake activity 
During the Ninth Five-Year Plan period, a 24-station 
DSN was deployed by the China Three Gorges Corpora-
tion in the main Three Gorges area at an average spac-
ing of 15 -20 km (Fig. 1). The accuracies in magni-
tude , epicenter, and depth determination are , respec-
tively, MsO. 5 , 1 km, and 2 km in the Sandouping-
Guizhou reservoir bank, and MsO. 5 , 2 km, and 5 
km[9J in the Guizhou-Wushan reservoir bank. Between 
January 2001, when this network was put into opera-
tion, and May 2003 , before the impoundment of the 
reservOir, 251 earthquakes were recorded. They in-
clude one (M;;:::4. 0) event, four ( 4. 0 > M;;;: 3. 0), 
twenty three ( 3. 0 > M;;::: 2. 0) , one hundred ninety 
(2. 0 >M;;;:l. 0), and thirty three (M < 1. 0) events. 
Among these earthquakes, 220 ( M ;;::: 1. 0 ) can be, 
and were , relocated by the double-difference location 
method [ 11 -!3] ; for the others we used the locations de-
termined by the Network. 
3 Results 
The P-wave velocity structures[sJ of upper and middle 
110'30'E 
Longitude 
crust in the Three Gorges reservoir area were construc-
ted by means of seismic tomography[ 14 l , using P-arri-
vals from 3379 events ( Fig. 2) observed by the Three 
Gorges seismic network from 2001 to June 2007[5]. E-
leven crust velocity images at different depths were de-
rived by the inversion. Resolution analysis of the in-
verted results indicates that the results are more relia-
ble in areas of denser ray coverage. 
By projecting earthquake hypocenters within the 
depth range of ± 2 km relative to each velocity image , 
we obtained images of velocity structure at different 
depth and corresponding earthquake distributions ( 9 
images shown in Fig. 3) . In this figure, red and blue 
denote, respectively, low and high velocities; circles 
of different sizes indicate earthquakes of different mag-
nitudes; and triangles indicate sites at Sandouping, 
Miaohe , Guizhou, Zhouping, Xingshan, Badong, 
Peishi and Wushan. 
Since there were few data recorded near the edges of 
the studied area and few rays passing through beneath 
28 km, we will discuss only 9 velocity images in the 
depth range ofO -20 km in the key area (30. 7°N -31. 
3°N ,109. 9°E -111.1 °E), which has the best accuracy 
due to better image resolution and network coverage. 
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Figure 2 Distribution of ray coverage and grids. Black circles represent earthquakes, 
green triangles denote stations and red crisscrosses show grids. 
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Figure 3 ( a) shows the image of the velocity struc-
ture and earthquake distribution at the depth of 0 - 2 
km. The velocity varies in the range of 4. 64 - 6. 16 
km/s, or -14% to 14% from 5. 4 km/s. The Huan-
gling anticline shows a lower velocity of 4. 64 - 5. 1 
km/ s in its southern areas, where the Yangtze River 
passes through, and alternately a higher of5. 5 to 6. 16 
km/ s in other areas. The Zigui basin is mainly charac-
terized by a lower velocity of 5. 0 - 5. 35 km/ s. The 
area near Yangtze River and its branches shows a lower 
velocity of 4. 64 -5. 37 km/s. Badong-Wushan shows 
a higher velocity alternated with a lower velocity. The 
earthquakes are mostly distributed on or around the ve-
locity-gradient belts between the high-velocity and low-
velocity anomalies. 
Figure 3 ( b) shows the image of the velocity struc-
ture and earthquake distribution in the depth range of 2 
- 5 km. The velocity varies between 4. 67 and 6. 16 
km/s, or -15% to 12% from 5. 5 km/s. The Huan-
gling anticline sbows a higher velocity of 5. 6 to 6. 16 
km, and a NS-trending lower-velocity belt of 4. 8 to 
5. 3 km/s on the west side. South of Guizhou-Badong 
reservoir bank shows mainly a bigher velocity of 4. 8 -
5. 3 kml s. Badong-Wushan reservoir bank shows main-
ly a lower velocity of 4. 67 -5. 4km/s sandwiched be-
tween higher velocities in its southern and northern are-
as. Yangtze River area shows mostly lower velocity. 
The earthquakes are mostly located on or around the 
velocity gradient belts. 
Figure 3 ( c) shows the image of the velocity struc-
ture and earthquake distribution at the depth of 5 km. 
The velocity varies between 5. 09 - 6. 22 km/ s, or -
10% to 10% from 5. 65 km/s. The Huangling anti-
cline shows a higher velocity of 5. 9 to 6. 2 km/ s. The 
areas between Huangling anticline and Zigui basin, in 
Zigui basin, and around Zhouping show a NE-striking 
lower-velocity belt of 5. 09 -5.4 km/s. West of this 
lower-velocity belt shows mostly a higher velocity of 
5. 7 - 6. 1 km/ s; further west shows alternately high 
and low velocities. The earthquakes are mostly distrib-
uted on or around the velocity gradient belts. 
Figure 3 ( d) shows the image of the velocity struc-
ture and earthquake distribution at the depth of 5 - 8 
km. The velocity varies between 5. 28 - 6. 27 km/ s, or 
-9% to 8% from 5. 8 km/s. The Huangling anticline 
and its western side show a higher velocity of 6. 0 to 
6. 3 km/ s, indicating the characteristic of the crystal-
line basement. Lower velocity of 5. 3 - 5. 7 km/ s is 
shown in Zhouping, Gouzhou, Peishi, and Wushan ar-
ea. To the west, higher and lower velocity alternates. 
The earthquakes are mostly distributed on or around the 
velocity gradient belts. 
Figure 3 ( e) shows the image of the velocity struc-
ture and earthquake distribution at the depth of 8 - 11 
km. The velocity varies between 5. 43 -6.31 kmls, or 
-8% to 7% from 5. 9 km/s. The Huangling anticline 
shows mainly higher velocity but with a NE-strike lower 
velocity belt of 5. 43 -5. 8km/ s, on the western side of 
which shows a higher velocity of 5. 95 - 6. 3km/s. 
Peishi and vicinity shows lower velocity. The earth-
quakes are mostly distributed on or around the velocity 
gradient belts. 
Figure 3 ( f) shows the image of the velocity structure 
and earthquake distribution at the depth of 11 km. The 
velocity varies between 5. 64 -6. 36 km/ s, or - 6% to 
6% from 6. 0 km/ s. The Huangling anticline and its 
southern side sbow mostly a higher velocity. Badong 
and Peishi vicinity also sbows a higher velocity of 6. 0 
- 6. 36 kml s. Other areas sbow a lower velocity of 
5. 64 - 6. Okm/ s. The earthquakes are frequently dis-
tributed on or around the velocity gradient belts. 
Figure 3 ( g) shows the image of the velocity struc-
ture and earthquake distribution at the depth of 14 km. 
The velocity varies between 5. 78 - 6. 52 km/ s, or -
6% to 6% from 6. 15 km/ s. The Huangling anticline 
and its southern area show a higher velocity of 6. 15 -
6. 4 km/ s , but its west side shows a NS-striking lower-
velocity belt of 5. 78 to 6. 1 km; at the western end of 
this belt the velocity is higher, 6. 15 - 6. 52kml s. The 
earthquakes are mostly located on or around the veloci-
ty gradient belts. 
Figure 3 ( h) shows the image of the velocity struc-
ture and earthquake distribution at the depth of 14 - 20 
km. The velocity varies between 5. 80-6.55 km/s, or 
-8% to 4% from 6. 3 kmls. The Huangling anticline 
and its northern and sourthern areas, Xingshan and its 
western side, Badong-Wushan and its west show exten-
sively higher velocity of 6. 3 - 6. 55 km/ s. In contrast, 
the wide middle and southern areas show a lower veloc-
ity 5. 80 - 6. 1km/s. The earthquakes are basically 
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distributed on or around the velocity gradient belts. 
Figure 3 ( i) shows the image of the velocity structure 
and earthquake distribution at the depth of 20 km. The 
velocity varies between 5. 98 and 6. 7 km/s, or -8% 
to 3% from the average. A NS higher-velocity belt of 
6. 5 - 6. 7km/ s exists within the Huangling anticline 
and its northern and southern areas , and is blocked by 
Miaohe nearby. West of these areas are huge areas of 
lower velocity of 6. 5 - 6. 7 km/ s. The earthquakes are 
basically distributed on or around the velocity gradient 
belts. 
Figure 3 ( j) is a vertical profile of velocity along co-
ordinate 31. 03 ° N , which corresponds to a seismic 
sounding profile in Guanyindang-Fengjie. It reveals the 
characteristics of the deep structures of the Huangling 
anticline, the Zigui basin, among others. The velocity 
anomaly goes down from the surface to a depth of 20 
km. The velocity is 6. 1 - 6. 4 km/ s above the depth of 
14 km, and 6. 4 - 6. 7 km/ s below. The distribution of 
the high-velocity anomaly changes with depth. In the 
Zigui basin the low-velocity anomaly spreads down to 
about 6 km. Between Huangling anticline and Zigui 
basin exists a low-velocity anomaly below 8 km, which 
shifts to the west at a depth of 14 km. Near 110. 0°E is 
a 7 km deep low-velocity anomaly, and in some other 
places is a high -velocity anomaly at a depth of 5 to 16 
km. East of 110. o•E exists a low-velocity anomaly at a 
depth of 8 - 12 km. Most earthquakes, including the 
1979 Zigui, the 1973 Zhouping, and the 2001 
Guizhou, took place on or around the velocity gradient 
belts. 
4 Conclusion and discussion 
The images of the velocity structure and earthquake 
distribution ( Fig. 3 ) indicate that the earthquakes were 
closely associated with the tectonic environment of deep 
crust; they mostly distributed on or around the veloci-
ty-gradient belts between the high-velocity and low-ve-
locity anomalies. 
The formation of the velocity-gradient belts may have 
been influenced by the following factors : 
( 1 ) The joining of different geological structure u-
nits. The Huangling anticline, which is comprised of 
crystalline rocks, mainly shows uniform high -velocity 
anomaly. Its buried depth reaches down to 14 km , and 
its boundary has distinct shapes at different depth. In 
contrast, the Zigui basin , which is composed of clastic 
rocks, represents basically a low-velocity anomaly. 
The thickness of the sediment varies greatly, with max-
imum value of about 6 km. The depth of the velocity-
gradient belts formed at the interface of the Huangling 
anticline and Zigui basin, is restricted within the thick-
ness of the Zigui basin. As seen in the figure , overlap-
ping seepages turn out at the interface of crystalline 
and sedimentary rocks at a depth of 5 km. 
( 2) Partially molten upper-mantle materials in the 
crust. During the Jinning movement there were multi-
stage magma intrusions , and the Huangling anticline is 
made up of magroatic rocks. Our result confirms that of 
previous researches[ts,t6l that the rock suites in San-
douping and Huanglingmiao consist maiuly of tonalite, 
trondhjemite, and granodiorite; they are syntectonic 
granitoids emplaced at the ductile domain 16 km deep 
under the action of a SN-striking regional compression. 
The former depends maiuly on a gradually forced wed-
ging action of magma on the tectonic plane to make ac-
commodation, whereas the latter is located mainly in 
an active ductile tension/ shear zone. 
The metamorphic complexes in south Huangling area 
are comparable to those in the north. They represent 
the sialic crust basement formed in late Archaean that 
underwent chasmic and strong metamorphism, deform-
ation, and magmatism in early Proterozoic. The re-
sult[7J obtained by seismic sounding indicates that there 
is a 3 - 5 km Moho breakpoint going through the lower 
crust, entering the middle crust and at last buried he-
low the upper crust. It may he the path of mantle-de-
rived materials. The study also indicates that hot 
springs , observed in Xingshan, Zigui , Changyang and 
Wufeng, are distributed along the XiannUshan fault 
and its extension. The hot springs distributed in the 
Hanging wall show that the geothermal bodies spread to 
the surface along a secondary tension-shear fault[l?]. 
Based on the above results, we may speculate that the 
partially molten upper-mantle materials exist below 8 
km of the crust and are responsible for low-velocity a-
nomaly. The velocity gradient belt may he formed by 
the contact of such upper-mantle materials and the 
crystalline basement. The vertical velocity profile in 
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Figure 3 ( j) shows that the low-velocity anomalies in 
between the Huangling anticline and Zigui basin areas 
and beneath Peishi at the depth of about 7 km may 
have a relationship with the partially-molten upper-
mantle materials in the crust. These are places where 
earthquakes are more active. 
( 3) Deep cutting of fault belts. The Xianniishan, Ji-
uwanxi , and Gaoqiao faults , which are classified as 
Basement-II faults, cut through the basement and enter 
the upper crust. Whereas, the Niukou fault, which be-
longs to a Basement- I fault, goes through the upper 
crust and enters the middle crust. As shown in Figure 
3 , there is no velocity gradient belt associated with the 
Xianniishan , the Jiuwanxi and the Gaoqiao faults along 
the same strike direction at the depth of 5km. This 
may be due to a couple of reasons. First, these small-
scaled faults cut down ouly to some limited depth and 
do not lead to the differentiation between the different 
sides , and thus cannot develop the velocity gradient 
belt. Secondly , even though there are dislocations 
nearby , no velocity gradient belt was formed because 
the same materials exist on both sides of these faults. 
To be sure of the cause, the cutting depth of the 
Xianniishan, the Jiuwanxi, and the Gaoqiao faults 
should be further investigated. The velocity-gradient 
belts along basically the same strike direction near the 
Niukou fault cut the Zigui basin into two. Therefore, 
we speculate that the cutting depth of the Niukou fault 
may have reached down to 5km and generated differen-
tiation between the different sides of this fault, and 
thus led to the formation of these velocity-gradient 
belts. 
( 4) Large thickness variation of the crystalline base-
ment. As shown in the vertical velocity profile in Fig-
ure 3 ( j) , the Huangling anticline reaches up close to 
the surface and down to 7 km deep near the longitude 
110. ooE, and about 5 km in other places. Thus the 
top of the crystalline basement is at a depth of 0 to 7 
km, whereas the bottom depth ranges from 14 to 16 
km. Variations of the top or bottom of the crystalline 
basement at the same depth may have caused the ve-
locity - gradient belt. 
( 5) Non-uniform inner crystalline basement. Veloc-
ities of the crystalline basement in the velocity images 
at the same depth are so different as to have created the 
velocity gradient belt. 
In summary, the forming of the velocity gradient 
belts may be caused by multiple factors in the structure 
of the crust. Most of the earthquakes occurring on or a-
round velocity gradient belts indicate that they are a-
mong the most seismically active belts where plate mo-
tions take place. They have similar characteristics to 
buried fault zones, and are thus considered to be the 
main seismotectonic characteristic of the crust in the 
study area. 
Based on crustal deformation and earthquake-source 
mechanisms , the dominant direction of the regional 
tectonic stress field is NE-trending. The observed 
stress direction changes with depth , dominantly NE -
striking at the shallow depth but NN -NWW at a greater 
depth. However, this is not totally constant in different 
places. The crust that is influenced by the regional tec-
tonic stress field is further squeezed by the intrusion of 
partially-molten upper-mantle materials, and is affect-
ed by the associated thermal stress["l. 
Thus , in the study area, there are multiple sources 
of the force affecting the crust and generating intennit-
tent uplift, deformation and seismotectonic activities. 
The leveling- data observed from 1954 to 1971 showed 
that the height of the Huangling anticline was still in-
creasing, compared with that of the Jianghan plain and 
the Zigui basin. Before the 1979 Longhuiguan, Zigui 
earthquake , there was little obvious crust deformation 
near the seismic zone. The integral and uniform crys-
talline rocks of the Huangling anticline have a huge 
volume. Therefore, the Huangling anticline, where few 
earthquakes occurred, probably just started an uplifting 
movement that led to the buried seismote ctonics mo-
tion along its border. Due to the large variation in 
thickness, the uniformity of the inner basement is less 
than that of the Huangling anticline. 
As seen in Figure 3 (j) , the crystalline basement in 
the border between the Huangling anticline and Zigui 
basin as well as in Peishi vicinity is depressed and the 
depth ranges from 6 to 7 km. Moreover, the partially 
molten upper-mantle materials have also reached a 
depth of nearly 7 km. Such materials can easily create 
deformation and dilation , and produce new rup-
tures[lo]. This may be why earthquakes often occurred 
in the Miaohe-Zhouping-Guizhou and Badong-Wushan 
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reservoir areas. 
In summary , the regional stress , the stress generated 
by intrusion of the partially-molten upper-mantle mate-
rials , and the thermal stress created by the higher tern-
perature of the materials may have jointly affected to 
the Three Gorges area , and led to the development of 
the surface faults and buried faults , as well as the re-
lated seismic activities. 
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